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PROBLEM TO BE SOLVED: To constitute a dynamic quantity 
sensor for realizing the non- adjustment of a circuit caused by 
decrease in dispersion of characteristics of two piezoelectric 
vibrators and the reduction of dispersion factors, separating the 
distance between the piezoelectric vibrators and the circuit part, 
and dispensing with the control of a phase shift amount caused by a 
phase shift circuit. 

SOLUTION: Two piezoelectric vibrators Sa. Sb are installed so that 
stress being applied by the dynamic quantity such as acceleration 
becomes reversed. A current voltage conversion-signal adding 
circuit 1 1 converts current signals flowing through the two 
piezoelectric vibrators into voltage signals. A voltage amplification- 
amplitude limiting circuit 12 amplifies an adding signal of two voltage 
signals, conducts positive feedback of voltage signals Vosc of the 
same phase as the current signals to oscillate. A phase different 
voltage conversion circuit 13 generates a voltage signal proportional 
to the phase difference between signals Sa and signals Sb which are 
voltage-converted signals. An amplification- filter circuit 14 DC- 
amplifies the voltage signal and removes unnecessary frequency 
components. 
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(54) DYNAMIC QUANTITY SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To constitute a dynamic quantity sensor for 
realizing the non- adjustment of a circuit caused by decrease in dispersion of 
characteristics of two piezoelectric vibrators and the reduction of dispersion 
factors, separating the distance between the piezoelectric vibrators and the 
circuit part, and dispensing with the control of a phase shift amount caused by a 
phase shift circuit. 

SOLUTION: Two piezoelectric vibrators Sa, Sb are installed so that stress being 
applied by the dynamic quantity such as acceleration becomes reversed. A 
current voltage conversion-signal adding circuit 1 1 converts current signals 
flowing through the two piezoelectric vibrators into voltage signals. A voltage 



amplification-amplitude limiting circuit 12 amplifies an adding signal of two 
voltage signals, conducts positive feedback of voltage signals Vosc of the same 
phase as the current signals to oscillate. A phase different voltage conversion 
circuit 13 generates a voltage signal proportional to the phase difference 
between signals Sa and signals Sb which are voltage-converted signals. An 
amplification- filter circuit 14 DC-amplifies the voltage signal and removes 
unnecessary frequency components. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The amount sensor of dynamics by which the stress added with the 
amount of dynamics prepares the circuit which impresses a voltage signal in 
common to two reverse piezoelectric transducers and said two piezoelectric 
transducers mutually, the current potential conversion circuit which transforms 
into a voltage signal the current signal which flows to said two piezoelectric 
transducers, and the phase contrast digital disposal circuit which detects the 
phase contrast of the output voltage signal of the current potential conversion 
circuit concemed, and outputs the amount detecting signal of dynamics, and 
changes. 

[Claim 2] The circuit which impresses a voltage signal in common to said two 
piezoelectric transducers is the amount sensor of dynamics according to claim 1 
which is the voltage amplification circuit which carries out positive feedback of 
the voltage signal of equiphase to said two piezoelectric transducers to this 
voltage signal, and was made to carry out oscillation actuation by this voltage 
amplification circuit, said piezoelectric transducer, and said current potential 
conversion circuit from the voltage signal of the sum of the current signal which 
flows to said two piezoelectric transducers outputted from said current potential 
conversion circuit. 

[Claim 3] Said voltage amplification circuit is the amount sensor of dynamics 
according to claim 2 which is what restricts the voltage swing of the voltage 



signal impressed in common to said two piezoelectric transducers by this 
electrical-potential-difference limiting circuit Including the electrical-potential- 
difference limiting circuit which consists of a current regulator circuit and a 
current switching circuit. 

[Claim 4] The frequency of said oscillation actuation is the amount sensor of 
dynamics according to claim 2 or 3 which is the frequency of the resonance 
frequency region of said piezoelectric transducer. 

[Claim 5] For said resonance frequency region, the admittance phase of said 
piezoelectric transducer is 0**45deg. The amount sensor of dynamics according 
to claim 4 which is the range. 

[Claim 6] Said current potential conversion circuit generates the current signal of 
an opposite phase to the inputted current signal. Negate said inputted current 
signal and it has two differential amplifying circuits which distribute the current 
signal of said opposite phase to two. Pass every [ one / a current signal ] to the 
same impedance component between two distribution current signals of two 
differential amplifying circuits, and the current signal of a sink and another side is 
passed to a respectively different impedance component, this - The amount 
sensor of dynamics according to claim 1 to 5 it was made to make generate the 
voltage signal which should be outputted. 

[Claim 7] The amount sensor of dynamics according to claim 6 said whose 
impedance component is resistance. 

[Claim 8] Said differential amplifying circuit connects the 1st-2nd emitter or 
sources of a transistor. Connect the 1st resistance between the node and analog 
gland, and the 3rd-4th emitters or sources of a transistor is connected. While 
connecting the 2nd resistance between the node and analog gland, connecting 
the base or the gate of the 1st - the 4th transistor to the source of a constant 
voltage and connecting the 2nd-3rd collectors or drains of a transistor The 
amount sensor of dynamics according to claim 6 or 7 which connects the 5th 
resistance with this collector or a drain between power-source lines, connects the 
3rd-4th resistance, respectively between the collector of the 1st-4th transistor or 



a drain, and a power-source line, and changes. 

[Claim 9] Said phase contrast digital disposal circuit is the amount sensor of 
dynamics according to claim 1 to 8 characterized by being the differential mold 
phase contrast electrical-potential-difference conversion circuit which inputs the 
output voltage signal of said current potential conversion circuit with a differential 
mold, and outputs phase contrast as a voltage signal. 
[Claim 10] The amount sensor of dynamics according to claim 1 to 9 
characterized by connecting resistance to a serial at said two piezoelectric 
transducers, respectively. 

[Claim 11] Said amount of dynamics is the amount sensor of dynamics according 
to claim 1 to 10 which is acceleration. 

[Claim 12] Said amount of dynamics is the amount sensor of dynamics according 
to claim 1 to 10 which is angular acceleration. 

[Claim 13] Said amount of dynamics is the amount sensor of dynamics according 
to claim 1 to 10 which is angular velocity. 

[Claim 14] Said amount of dynamics is the amount sensor of dynamics according 
to claim 1 to 10 which is a load. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the amount sensor of dynamics 
which detects the amounts of dynamics, such as acceleration, angular 
acceleration, angular velocity, and a load. 
[0002] 

[Description of the Prior Art] The applicant for this patent has applied for the 
patent reference 1 as an acceleration sensor equipped with the piezoelectric 
transducer 

[0003] The stress added with acceleration mutually this acceleration sensor Two 
reverse piezoelectric transducers, A bridge circuit is constituted from a load 
impedance containing two capacitors. Prepare a partial pressure impedance 
circuit between the average output, and return the signal of the partial pressure 
point of the partial pressure impedance circuit to the node of two piezoelectric 
transducers by the return signal processing circuit, and an oscillator circuit is 
constituted. The oscillation output phase contrast during the average output of a 
bridge circuit is detected, and this is outputted as an acceleration detecting signal. 
[0004] 

[Patent reference 1] JP.2002-243757,A [0005] 

[Problem(s) to be Solved by the Invention] (1) About the dispersion factor in the 
circuit section, the above-mentioned acceleration sensor could not be easily 
influenced of the electrostatic capacity which a piezoelectric transducer has, also 
when the acceleration of dc components, such as gravitational acceleration, 
being detectable and resonance frequency were high, and it is equipped with the 
various descriptions, like that high sensitivity detection is possible and there is no 
need of amplifying a high-frequency-voltage signal by highly precise gain. 
[0006] However, in this above-mentioned acceleration sensor, since the bridge 
circuit is constituted from two piezoelectric transducers and a load impedance 
containing two capacitors, unless a bridge will be in equilibrium, oscillation output 



phase contrast is not set to 0. That is, even if both the stress that joins two 
piezoelectric transducers is 0, the output of an acceleration sensor is not set to 0. 
moreover - when dispersion between piezoelectric transducers is large, while 
there is a merit that load impedance is adjusted and dispersion between 
piezoelectric transducers can be canceled - dispersion between piezoelectric 
transducers - from the first - being small - adjustment - in being unnecessary, 
the excessive activity of arranging the property of load impedance is needed. 
[0007] (2) Since big electrostatic capacity is used for the above-mentioned 
acceleration sensor about arrangement with a piezoelectric transducer and a 
circuit as compared with load impedance, it was hard to be influenced of the 
parasitic capacitance of the circuit board, and has coating and the description 
that a hermetic seal package is unnecessary. 

[0008] However, in this above-mentioned acceleration sensor, the distance of a 
piezoelectric transducer and a circuit needed to be limited to about several cm. 
This is constraint for using the principle of the Colpitts oscillator circuit, and highly 
[ the input impedance of a circuit ], since the input voltage to a circuit is high, it 
originates in wiring resistance or it being easy to be influenced of an inductance 
component, that is, theoretically, since the application from which spacing of a 
piezoelectric transducer and a circuit is set to 10cm or more is assumed, even if 
it boils the distance between a piezoelectric transducer and a circuit to that extent 
and detaches it, a detection method which a problem cannot produce easily is 
desired. 

[0009] (3) Although the above-mentioned acceleration sensor could double the 
sensibility to acceleration with the best point by the phase shift circuit about 
adjustment of the best point of sensibility over acceleration, control of the amount 
of phase shifts by the phase shift circuit was difficult. 

[0010] In addition, an above-mentioned technical problem is a common technical 
problem produced when it is made for the current which flows to a piezoelectric 
transducer according to the amounts of dynamics, such as not only the 
acceleration sensor that detects acceleration but angular acceleration, angular 



velocity, a load, etc., to change. 

[001 1] The object of this invention cancels various kinds of technical problems 
mentioned above, and enables adjust[ no ]-izing of the circuit section 
accompanying reduction of property dispersion of two piezoelectric transducers, 
and the cutback of dispersion factors, and enables it to separate the distance 
between the circuit sections from a piezoelectric transducer, and is to offer the 
amount sensor of dynamics which made unnecessary further control of the 
amount of phase shifts by the phase shift circuit. 
[0012] 

[Means for Solving the Problem] This invention prepares the circuit where the 
stress added with the amount of dynamics impresses a voltage signal in common 
to two reverse piezoelectric transducers and said two piezoelectric transducers 
mutually, the current potential conversion circuit which transforms into a voltage 
signal the current signal which flows to said two piezoelectric transducers, and 
the phase contrast digital disposal circuit which detects the phase contrast of the 
output voltage signal of the current potential conversion circuit concerned, and 
outputs the amount detecting signal of dynamics, and constitutes the amount 
sensor of dynamics. Measurement of the amount of dynamics which made 
measurement environmental influence hard to receive and was stabilized by this 
is enabled. 

[0013] This invention moreover, the circuit which impresses a voltage signal in 
common to said two piezoelectric transducers From the voltage signal of the sum 
of the current signal which flows to said two piezoelectric transducers outputted 
from said current potential conversion circuit The voltage amplification circuit 
which carries out positive feedback of the voltage signal of equiphase to said two 
piezoelectric transducers to this voltage signal constitutes, and the amount 
sensor of dynamics is constituted so that oscillation actuation may be carried out 
by this voltage amplification circuit, said piezoelectric transducer, and said 
current potential conversion circuit. 

[0014] It enables it to detect the amount of dynamics to high sensitivity by this 



using a sharp change of the resonance frequency to the stress which joins two 
piezoelectric transducers. Moreover, the property of two piezoelectric 
transducers is made to reflect in the operating point of oscillation actuation, and 
the relation of the oscillation frequency change to the stress which joins two 
piezoelectric transducers is stabilized. 

[0015] Moreover, the amount sensor of dynamics of this invention restricts the 
voltage swing of a voltage signal which impresses said voltage amplification 
circuit in common to said two piezoelectric transducers by that electrical- 
potential-difference limiting circuit including a current regulator circuit and the 
electrical-potential-difference limiting circuit which consists of a current switching 
circuit. Driver voltage of a piezoelectric transducer is fixed by this, actuation of a 
circuit is stabilized, and generation of heat of a piezoelectric transducer is also 
reduced. 

[0016] Moreover, the amount sensor of dynamics of this invention makes the 
frequency of that oscillation actuation the frequency of the resonance frequency 
region of a piezoelectric transducer. Since the impedance is low, the increase of 
a current which flows to a current potential conversion circuit, and gain become 
large, and carry out oscillation actuation of the piezoelectric transducer in the 
resonance frequency region at stability. This raises the change sensibility of the 
detecting signal of the amount of dynamics according to the added amount of 
dynamics. 

[0017] Moreover, for the amount sensor of dynamics of this invention, the 
admittance phase of this piezoelectric transducer is the resonance frequency 
region of that piezoelectric transducer 0**45 [deg] It considers as the becoming 
range. By this, phase contrast change of the output voltage signal of the current 
potential conversion circuit according to the added amount of dynamics is made 
more nearly linear, and it enables it for a large dynamic range to detect the 
amount of dynamics. 

[0018] Moreover, the amount sensor of dynamics of this invention generates the 
current signal of an opposite phase to the inputted current signal as said current 



potential conversion circuit. Negate said inputted current signal and it has two 
differential amplifying circuits which distribute the current signal of said opposite 
phase to two. this - it constitutes so that every [ one / a current signal ] may be 
passed to the same impedance component between two distribution current 
signals of two differential amplifying circuits, the current signal of a sink and 
another side may be passed to a respectively different impedance component 
and the voltage signal which should be outputted may be generated. 
[0019] Thus, it enables it to remove the noise (drift) of an inphase component by 
changing into electrical-potential-difference change change of the current phase 
which flows to two piezoelectric transducers by two differential amplifying circuits. 
[0020] Moreover, resistance is used for the amount sensor of dynamics of this 
invention as said impedance component. It enables it to perform easily positive 
feedback to the piezoelectric transducer according the current and the voltage 
signal of equiphase which attain low cost-ization by this and flow to two 
piezoelectric transducers to ejection and said voltage amplification circuit. 
[0021] Moreover, the amount sensor of dynamics of this invention connects the 
1st-2nd emitter or sources of a transistor as said differential amplifying circuit. 
Connect the 1st resistance between the node and analog gland, and the 3rd-4th 
emitters or sources of a transistor is connected. While connecting the 2nd 
resistance between the node and analog gland, connecting the base or the gate 
of the 1st - the 4th transistor to the source of a constant voltage and connecting 
the 2nd-3rd collectors or drains of a transistor The 5th resistance is connected 
with this collector or a drain between power-source lines, between the collector of 
the 1st-4th transistor or a drain, and a power-source line, it connects, 
respectively and the 3rd-4th resistance is constituted. 
[0022] Thus, a grounded-base amplifying circuit or a grounded gate mold 
amplifying circuit is constituted, the input impedance to an amplifying circuit is 
made low, an input capacitance is made small, and frequency characteristics 
constitute a good voltage amplification circuit and a good oscillator circuit. 
[0023] Moreover, the amount sensor of dynamics of this invention inputs the 



output voltage of said current potential conversion circuit for said phase contrast 
digital disposal circuit with a differential mold, and makes it the differential mold 
phase contrast electrical-potential-difference conversion circuit which outputs 
phase contrast as a voltage signal. This removes the noise of an inphase 
component and the voltage signal according to the amount of dynamics with few 
noise components is acquired to the whole. 

[0024] Moreover, the amount sensor of dynamics of this invention connects 
resistance to said two piezoelectric transducers at a serial, respectively. This 
performs stabilization of the detection sensitivity to the stress which joins a 
piezoelectric transducer, and compensation of the temperature characteristic. 
[0025] As the above-mentioned amount of dynamics, acceleration, angular 
acceleration, angular velocity, and a load are detected, for example. 
[0026] 

[Embodiment of the Invention] First, the configuration of the piezoelectric 
transducer with which the acceleration sensor of each operation gestalt is 
equipped is explained with reference to drawing 9 - drawing 1 1 . Drawing 9 is the 
further decomposition perspective view of an important section [ in / the 
perspective view of the whole acceleration sensing element, and drawing 10 , 
and / in drawing 11/ drawing 10 ]. [ the decomposition perspective view ] This 
acceleration sensing element 10 is carrying out receipt support of the two 
piezoelectric transducers Sa and Sb with doubly-supported beam structure into 
the insulating case 5 which consists of an insulating ceramic etc., and 6. In this 
example, piezoelectric transducers Sa and Sb are uni-morph mold sensing 
elements. The resonators 20 and 30 which formed electrodes 21 and 22, and 31 
and 32 in the front **** principal plane of a rectangular piezo-electric ceramic 
plate, respectively are unified by joining to the whole surface of the base plates 
23 and 33 by adhesion, soldering, etc., respectively. Both these resonators 20 
and 30 are resonators of the energy ****** type thickness skid oscillation mode, 
and are polarized in the die-length direction of resonators 20 and 30. The 
electrodes 21 and 22 on the rear face of a table, and 31 and 32 make the end 



section counter in the center section of resonators 20 and 30, and they are 
pulling out the other end to the edge where resonators 20 and 30 differ 
[0027] The base plates 23 and 33 are electric insulating plates formed in the 
same die length as resonators 20 and 30, and the same width of face, and they 
are set up so that the bending neutral side accompanying an operation of the 
acceleration of piezoelectric transducers Sa and Sb may be from the plane of 
composition of resonators 20 and 30 and the base plates 23 and 33 on base 
plate 23 and 33 side. The base plates 23 and 33 consist of ingredients with 
flexural rigidity higher than resonators 20 and 30. Moreover, since these base 
plates 23 and 33 are operated as a mass object (weight), they make mass as big 
as possible. Resonators 20 and 30 shut up in an opposed face with the 
resonators 20 and 30 of the base plates 23 and 33, and the crevices 23a and 
33a for forming an opening smaller than the range which bends with acceleration 
more widely than the range of an oscillation are formed in it. By this, resonators 
20 and 30 shut up, and an oscillation is not restrained, and he is trying for 
resonators 20 and 30 and the base plates 23 and 33 to bend in one with 
acceleration. 

[0028] The two above-mentioned piezoelectric transducers Sa and Sb are 
carrying out confrontation junction of the longitudinal direction both ends through 
the glue line 4 which is a spacer layer so that resonators 20 and 30 may bend the 
direction of repulsion independently in the impression direction of the sense and 
acceleration G mutually, respectively. The lateral surface of the impression 
direction of the acceleration G of piezoelectric transducers Sa and Sb is covered 
by the case members 5 and 5 of a left Uichi pair. The case member 5 is formed 
in a cross-section KO typeface, and is carrying out adhesion immobilization of 
the ends lobe 5a on the ends outside side face (exposed surface of resonators 
20 and 30) of piezoelectric transducers Sa and Sb. Therefore, between the case 
member 5 and piezoelectric transducers Sa and Sb, the space where 
piezoelectric transducers Sa and Sb may bend in connection with acceleration G 
by crevice 5b of the case member 5 is formed. 



[0029] Moreover, the open field of the upper and lower sides formed by 
piezoelectric transducers Sa and Sb and the case member 5 is covered by the 
covering members 6 and 6 of a vertical couple. Forming crevice 6a for preventing 
contact to piezoelectric transducers Sa and Sb in the inner surface of the 
covering member 6. adhesion immobilization of the periphery section is carried 
out in the open field. Therefore, the displacement part by the acceleration G of 
piezoelectric transducers Sa and Sb Is thoroughly sealed by the case member 5 
and the covering member 6. 

[0030] It is made to flow through the electrodes 21 and 22 formed in resonators 
20 and 30, and the electrodes 21 and 32 among 31 and 32 of each other with the 
band-like internal electrode 51 prepared in the open field formed by piezoelectric 
transducers Sa and Sb and the case member 5, and they are pulled out to the 
lateral surface of the case member 5. Moreover, the Internal electrode 52 formed 
In the upper open field draws out an electrode 22 to the lateral surface of the 
case member 5, and it is pulling out the electrode 31 to the lateral surface from 
which the case member 5 differs with the internal electrode 53 formed in the 
lower open field. 

[0031] As shown in the outside surface of the case member 5 and the covering 
member 6 at drawing 1 , the external electrodes 61 , 62, and 63 are formed and 
the above-mentioned internal electrodes 51, 52, and 53 are connected to the 
external electrodes 61 , 62, and 63, respectively. By this, the chip mold 
acceleration sensing element 10 of a surface mount mold is obtained. 
[0032] Next, the property of this piezoelectric transducer is explained with 
reference to drawing 8 . In drawing 8 , (A) is the circuit shown all over the 
drawing, and shows change of the phase (namely, admittance phase) of the 
current when changing the frequency of a voltage source. Moreover, the 
condition that the continuous line is not impressing stress, and a broken line are 
in the condition which impressed stress. (B) of drawing 8 is the enlarged drawing 
of the resonance frequency region in (A). 

[0033] It sets to drawing 8 and a phase is 0 [deg]. The becoming frequency is the 



resonance frequency of a piezoelectric transducer. Stress impression sliows that 
resonance frequency changed to fr (x) from fr (0) so that clearly from drawing 8 . 
Moreover, when the frequency of a voltage source is fixed to fr (0), it turns out 
that a phase changes with stress impression to phi (y) from phi (0). Here, it is Qm 
about the electric machine quality factor of a piezoelectric transducer, If the 
resonance frequency rate of change by stress is set to D (fr), phi (y) will become 
(1) type In approximation. 
[0034] 

phi(y) =(360/pi) xQmxD (fr) [deg] - (1) 

Now, the configuration of the acceleration sensor concerning the 1st operation 
gestalt is explained with reference to drawing 1 - drawing 4 . Drawing 1 is the 
block diagram showing the configuration of the whole acceleration sensor. 10 is 
an acceleration sensing element which the direction of the stress added with 
acceleration becomes from two reverse piezoelectric transducers Sa and Sb 
mutually here. The current potential conversion-signal adder circuit 11 transforms 
into a voltage signal the current signal which flows to two piezoelectric 
transducers Sa and Sb of the acceleration sensing element 10, and outputs Sa 
signal and Sb signal. Moreover, the addition signal of both signals is outputted. 
[0035] The voltage amplification-limiting circuit 12 performs the amplitude limiting, 
and outputs a voltage signal Vosc to the acceleration sensing element 10 while it 
amplifies the voltage of the above-mentioned addition signal. This voltage signal 
Vosc is impressed to the common node of two piezoelectric transducers Sa and 
Sb. 

[0036] The phase contrast electrical-potential-difference conversion circuit 13 is a 
circuit equivalent to the "phase contrast digital disposal circuit" concerning this 
invention, and generates the voltage signal proportional to the phase contrast of 
Sa signal and Sb signal which were changed as a voltage signal. 
[0037] The magnification-filter circuit 14 amplifies the voltage signal changed by 
the phase contrast electrical-potential-difference conversion circuit 13 by 
predetermined gain, removes the component of an unnecessary frequency band. 



and outputs it as an acceleration detecting signal. 
[0038] The resonance frequency of piezoelectric transducers Sa and Sb is 
arranged, resonance frequency of Sa and Sb is set to fr (0) for the frequency of 
Vosc in the circuit of drawing 1 , and it is compression (hauling) in a piezoelectric 
transducer Sa and a piezoelectric transducer Sb, respectively. If the stress of an 
opposite phase is impressed to the condition of hauling (compression), an output 
signal can be taken out from the magnification-filter. circuit 14. 
[0039] Vosc is the voltage signal of the self-excitation oscillation system which 
makes a loop formation the circuit of piezoelectric transducers Sa and Sb, the 
current potential conversion-signal adder circuit 11, and the voltage amplification- 
limiting circuit 12. 

[0040] The frequency of Vosc can detect an acceleration signal, if the frequency- 
phase characteristic shown not only in the resonance frequency of piezoelectric 
transducers Sa and Sb but in drawing 8 sets it as the frequency it can be 
considered that is an abbreviation straight line. An admittance phase is **45 [deg] 
practical. What is necessary is just the frequency which becomes less than. In 
addition, it is a time of making the frequency of Vosc in agreement with the 
resonance frequency of piezoelectric transducers Sa and Sb that acceleration 
detection sensitivity becomes high most, 

[0041] Even when the resonance frequency of piezoelectric transducers Sa and 
Sb has not gathered, for the frequency of Vosc, the admittance phase of 
piezoelectric transducers Sa and Sb is **45 [deg]. It will become practical 
sensibility if it is made to become less than. Preferably, the frequency of Vosc 
should just be the medium of the resonance frequency of Sa, and the resonance 
frequency of Sb. 

[0042] In a piezoelectric transducer Sa and a piezoelectric transducer Sb, it is 
compression (hauling), respectively. Since the stress of an opposite phase is 
impressed to the condition of hauling (compression) Since property change of 
piezoelectric transducers Sa and Sb always serves as an opposite phase, the 
addition signal which denies each other that it adds and is outputted from the 



current potential conversion-signal adder circuit 1 1 Since it is not based on 
acceleration impression but becomes the always same property, the frequency of 
Vosc is not changed even if the property of piezoelectric transducers Sa and Sb 
changes with acceleration impression, 

[0043] In addition, as shown in drawing 8 , in the phase characteristic of a 
piezoelectric transducer, an admittance phase is **45 [deg]. Although two places 
'^(a resonance frequency region and antiresonant frequency region) have the field 
which becomes less than, since the impedance of a piezoelectric transducer is 
high, when the current which flows into the current potential conversion-signal 
adder circuit 1 1 decreases, gain becomes small and does not oscillate in an 
antiresonant frequency region. 

[0044] On the other hand, in a resonance frequency region, since the impedance 
of a piezoelectric transducer is low, many currents flow to the current potential 
conversion-signal adder circuit 1 1 and gain becomes large, it oscillates to 
stability. 

[0045] It is easy for both sides to raise a C/N ratio, in order that the impedance of 
a piezoelectric transducer and the input impedance of the current potential 
conversion-signal adder circuit 1 1 may be low and may also tend to take 
adjustment in a resonance frequency region. 

[0046] Drawing 2 is the circuit diagram of the current potential conversion-signal 
adder circuit 1 1 shown in drawing 1 . This circuit consists of four transistors Q1 1 , 
Q12, Q21, and Q22 and five resistance R1-R5. As shown in drawing 2 , the 
emitters of transistors Q11 and Q21 were connected, and resistance R1 is 
connected between the node and analog gland. Moreover, the emitters of Q12 
and Q22 were connected and resistance R2 is connected between the node and 
analog gland. All the bases of Q11, Q12, Q21, and Q22 are connected to the 
source Vreg of a constant voltage. Moreover, the collectors of Q1 1 and Q12 were 
connected and resistance R5 is connected between the node and power source 
Vcc. Moreover, resistance R3 and R4 is connected between the collector of Q21 
and Q22, and a power source, respectively. 



[0047] The above-mentioned transistors Q11, Q12, Q21. and Q22 are transistors 
of the same property. Resistance R1 and R2 is the same values, and is the 
values same as resistance R3 and R4. IVIoreover, the temperature characteristic 
of resistance R1-R5 is the same. 

[0048] This circuit is a grounded-base mold amplifying circuit. That is, if Current 
la is poured into the node of the emitter of Q1 1 and Q21 , and R1 through a 
piezoelectric transducer Sa, a current will flow from Q1 1 and Q21 so that the 
current may be negated. Similarly, if Current lb is poured into the node of the 
emitter of Q12 and Q22, and R2 through a piezoelectric transducer Sb, a current 
will flow from Q12 and Q22 so that the current may be negated. For this reason, 
the input impedance which looked at this amplifying circuit from piezoelectric 
transducers Sa and Sb becomes very low. 

[0049] The property of Q1 1 and Q21 is the same, and since the base is this 
potential, the same current flows to the collector of Q1 1 and Q21 . Similarly, the 
property of Q12 and Q22 is the same, and since the base is this potential, the 
same current flows to the collector of Q12 and Q22. 

[0050] The property of Q1 1, Q12, Q21 , and Q22 is the same, and since base 
potentials are this potential and R1=R2, the input impedance seen from 
piezoelectric transducers Sa and Sb is equal. Zin is expressed with the following 
formula when this input impedance Is placed with Zin. 
[0051] 

{(1/Ri) + (1+hfe)/hie} x 1/2 - (2) [ Zin=1/] 

However, the small signal current amplification factor hie in the time of a 
Ri=R1=R2hfe:grounded emitter; It is an input impedance between the base- 
emitters in the time of a grounded emitter. 

[0052] Here, hfe=300, hie=1kohm, Ri=100ohm, then an input impedance Zin are 
set to 1.6 ohms, and turn into a very low input impedance. Thus, since an input 
impedance becomes very low, the following effectiveness is acquired. 
[0053] (1) It is not influenced by fluctuation of the electrostatic capacity of the 
input section of a current potential conversion-signal adder circuit. 



(2) It is not influenced of the parasitic capacitance produced in the circuit board 
which constitutes a current potential conversion-signal adder circuit. 

(3) Even if resistance and an inductance component are in wiring between the 
acceleration sensing element 10 and the current potential conversion-signal 
adder circuit 1 1 , it is the above (1) and (2). According to effectiveness, phase 
fluctuation does not arise in the current signals la and lb inputted into a current 
potential conversion-signal adder circuit. 

[0054] Therefore, even if it detaches the distance of the acceleration sensing 
element 10 and the current potential conversion-signal adder circuit 1 1 , there is 
dramatically little the effect. 

[0055] In addition, with this operation gestalt, although the input impedance Zin 
was set as 1 .6 ohms, it does not restrict to this. If an oscillation frequency is 
several MHz when aiming at detaching the distance of the acceleration sensing 
element 10 and the current potential conversion-signal adder circuit 1 1 about 
dozens of cm (it mentions later about oscillation actuation), even if it is about 
hundreds of ohms, a problem will not become. Namely, in consideration of the 
distance and the installation environment of the acceleration sensing element 10 
and the current potential conversion-signal adder circuit 1 1, it should just 
determine suitably whether an input impedance is made to what extent low. 
[0056] Here, the output level (amplitude) of Sa signal outputted from the current 
potential conversion-signal adder circuit 1 1, Sb signal, and an addition signal is 
expressed with the following formula, respectively, when the current inputted 
through piezoelectric transducers Sa and Sb is set to la and lb. 
[0057] 

Sa signal level =R3xla/2 - (3) 
Sb signal level =R4xlb/2 - (4) 
Addition signal level =R5x (la+lb)/2 - (5) 

In order to make the same the three above-mentioned signal output levels, it is 
determined that it is set to 2:2:1 by the resistance ratio of R3, R4, and R5. (3) A 
formula and (4) types show that this circuit is acting as a current-electrical- 



potential-difference converter which transforms into a voltage signal the current 
which flows to piezoelectric transducers Sa and Sb. Moreover, it turns out that it 
is acting as a signal adder circuit which adds the currents la and lb which flow 
through piezoelectric transducers Sa and Sb, and is changed into a voltage 
signal from (5) types. 

[0058] Here, the above-mentioned current signals la and lb are expressed with 
the following formula. 
[0059] la=Vosc/Z (Sa) - (6) 
lb=Vosc/Z (Sb) (7) 

However, the impedance Vosc of the piezoelectric transducer Sb in the 
impedance Z(Sb):oscillation frequency of the piezoelectric transducer Sa in a 
Z(Sa):oscillation frequency: It is the output voltage from the voltage amplification- 
limiting circuit 12. 

[0060] By the way, it is a time of the phase of the sum (la+lb) of Currents la and 
lb which flows to two piezoelectric transducers of piezoelectric transducers Sa 
and Sb, and the phase of the output voltage Vosc of the voltage amplification- 
limiting circuit 12 turning into equiphase that the sensibility to the acceleration of 
this acceleration sensor becomes the highest. In the circuit shown by the 
application for patent 2001-42130 mentioned above, although the optimal point 
needed to be set up in the phase circuit, according to this application, a phase 
circuit becomes unnecessary by using the current signal which flows to two 
piezoelectric transducers, Sa and Sb. What is necessary is just to be the total of 
the current potential conversion-signal adder circuit 1 1 and the voltage 
amplification-limiting circuit 12, and to constitute a circuit so that an addition 
signal and a voltage signal Vosc may become in phase. 
[0061] Since the current potential conversion-signal adder circuit 11 is constituted 
from a grounded-base mold amplifying circuit as shown in drawing 2 , it 
constitutes the circuit so that it may become the phase of the sum (la+lb) of 
Currents la and lb which flows to piezoelectric transducers Sa and Sb, and the 
electrical potential difference of an addition signal are in phase, and in phase 



[ the addition signal and output voltage Vosc which are an input signal also in the 
voltage amplification-limiting circuit 12 ]. Therefore, the total phase in these two 

circuits is set to 0 (equiphase). 

[0062] In addition, in the example shown in drawing 2 , although the transistor of 
a bipolar mold was used, even if it uses FET (field effect transistor) not only in 
this, it is realizable. In this case, the base of a bipolar mold transistor, an emitter, 
and a collector are made to correspond to the gate of FET, the source, and a 
drain, respectively. 

[0063] Moreover, the number of transistors is the object which lowers not only 
four but an input impedance, and may connect a transistor to juxtaposition to 
transistors Q11, Q12, Q21, and Q22. 

[0064] Furthermore, not only a grounded-base mold but the inputted current 
signal and the current signal of an opposite phase are generated as a format of 
an amplifying circuit. The inputted current signal is negated. An input impedance 
by this thing Lowering, By having a means to distribute the current signal of this 
opposite phase to two, and passing every [ one current signal ] to the same 
impedance between two distribution current signals which each means has What 
is necessary is just to constitute the circuit which the current potential conversion 
signal of (la+lb) is generated, and the current signal of another side is passed 
[ circuit ] to a respectively different impedance, and generates the current 
potential conversion signal of la, and the current potential conversion signal of lb, 
respectively. 

[0065] As shown in drawing 2 , by having used resistance R1-R5 as an 
impedance component, low cost-ization can be attained to the whole and la, lb, a 
signal (la+lb), and the voltage signal of equiphase can be acquired easily. This 
effectiveness is not restricted to a grounded-base mold amplifying circuit. 
[0066] The stress added with the amount of dynamics mutually Thus, two reverse 
piezoelectric transducers, The circuit which impresses a voltage signal in 
common to these two piezoelectric transducers, and the current potential 
conversion circuit which transforms into a voltage signal the current signal which 



flows to two piezoelectric transducers, By having prepared the phase contrast 
digital disposal circuit which detects the phase contrast of the output voltage 
signal of the current potential conversion circuit concerned, and outputs the 
amount detecting signal of dynamics, it is hard to receive measurement 
environmental influence, and measurement of the stable amount of dynamics is 
attained. Consequently, no adjusting-ization of the circuit section is attained. 
[0067] Moreover, by the current potential conversion circuit, since change of the 
current phase which flows to two piezoelectric transducers is changed into 
electrical-potential-difference change by two differential amplifying circuits, it 
becomes removable [ the noise (drift) of an inphase component ]. 
[0068] Moreover, since the differential amplifying circuit was constituted from a 
grounded-base amplifying circuit or a grounded gate mold amplifying circuit, the 
input impedance and input capacitance to an amplifying circuit become small, 
and the voltage amplification circuit and oscillator circuit where frequency 
characteristics are good can be constituted. 

[0069] According to such operation effectiveness, the piezoelectric transducer 
which receives the amount of dynamics which should be detected can be 
separated now from the circuit section, and it becomes available at the various 
objects. 

[0070] Drawing 3 is the circuit diagram of the voltage amplification-limiting circuit 
12 shown in drawing 1 . After this circuit amplifies the addition signal level 
outputted from the current potential conversion-signal adder circuit 1 1 shown in 
drawing 1 and makes it the square wave of the arbitration amplitude, impedance 
conversion of it is carried out and it gives a voltage signal Vosc to the common 
terminal side of piezoelectric transducers Sa and Sb. 
[0071] In drawing 3 , the voltage follower circuit consists of a transistor Q3 and 
resistance R6. This configuration receives an addition signal with a high input 
impedance. The output of this voltage follower circuit is inputted into the base of 
a transistor Q71 through a capacitor C3. 

[0072] It is ECL (Emitter Coupled Logic) by transistors Q5, Q61, Q62, Q71, Q72, 



and Q8 and resistance R7-R10. The circuit to depend is constituted. Here, Q71 
are constituted, the current switch is constituted from Q72, a transistor with the 
lower base potential of these two transistors Q71 and Q72 turns off, a transistor 
with higher base potential turns on, and a current flows to a collector. The current 
which flows on this current switch is controlled by the current regulator circuit 
which consists of an electrical potential difference Vreg of the source of a 
constant voltage, resistance R7, and transistors Q5, Q61, and Q62. Q61 and 
Q62 constitute current Miller circuit, and the same current as the current which 
flows to Q61 flows to Q62. The current value Is which flows to Q62 is expressed 
with the following formula. 
[0073] 

ls= (Vreg-2xVbe) / R7 - (8) 

However, Vreg: They are electrical-potential-difference Vbe:Q5 of the source of a 
constant voltage, and the electrical potential difference between base-emitters of 
Q61. 

[0074] Therefore, a square wave with the amplitude (peakto peak value) A 
expressed with the following formula occurs at the node of Q72 and resistance 
R9. 

[0075] A=lsxR9 - (9) 

(8) The amplitude of the above-mentioned square wave is more controllable than 
a formula and (9) types to any value on resistance R7 or an electrical potential 
difference Vreg. 

[0076] In drawing 3 , a transistor Q8 and resistance R10 constitute the voltage 
follower circuit. This voltage follower circuit acts so that the impedance of the 
signal outputted from the node of a transistor Q72 and resistance R9 may be 
lowered and it may give to the next step. 

[0077] Transistors Q9 and Q10, diodes D1 and D2, and resistance R11, R12, 
and R13 constitute the voltage follower circuit of a push pull mold. This voltage 
follower circuit is prepared in order to lower the output impedance from a 
transistor Q8 further. Resistance R12 and R13 is formed in protection of 



transistors Q9 and Q10. 

[0078] The voltage signal Vosc outputted from this voltage amplification-limiting 
circuit 12 as mentioned above becomes what changed the addition signal level 
from the current potential conversion-signal adder circuit 1 1 into the square wave 
of the arbitration amplitude, and was changed into low impedance. 
[0079] Thus, since the amplitude of the driver voltage which impresses a voltage 
amplification circuit In common to two piezoelectric transducers by the electrical- 
potential-difference limiting circuit including the electrical-potential-difference 
limiting circuit which consists of a current regulator circuit and a current switching 
circuit was restricted, actuation of a circuit is stable and generation of heat of a 
piezoelectric transducer is also reduced. 

[0080] Drawing 4 is the circuit diagram of the phase contrast electrical-potential- 
difference conversion circuit 13 shown in drawing 1 . As for INa1-INa4, INbl- 
INb4, and INab, in drawing 4 , an inverter (NOT gate), and Exorl and Exor2 are 
exclusive OR gates, respectively. 

[0081] An inverter INal and resistance R14 constitute the amplifying circuit of 
predetermined gain. A capacitor 05 removes a dc component. Inverters INa2 
and INa3 constitute the waveform shaping circuit. Thus, Sa signal is shaped in 
waveform and a signal VI is given to one input of exclusive OR gate Exorl. 
Similarly, with three inverters INbl, INb2, INb3, R15, and 06, Sb signal is shaped 
in waveform and a signal V3 is given to one input of EKUSUKURUSHIBU OR 
gate Exor2. 

[0082] Resistance R16 and R17 and a capacitor 07 constitute the circuit which 
finds the integral while adding two signals, and have acquired the signal V2 to 
which 90 degrees of phases were shifted by finding the integral, while adding Sa 
signal and Sb signal by this, and inverters INa4 and INb4 and INab. This signal 
V2 is given to each input of two EKUSUKURUSHIBU OR gates Exorl and Exor2. 
[0083] Furthermore, the voltage signal mostly proportional to the phase contrast 
of Sa signal and Sb signal is acquired as a differential output by connecting the 
smoothing circuit which becomes the output of these two exclusive OR gates 



from resistance R18 and R19 and capacitors C8 and C9, respectively. 
[0084] The magnification-filter circuit 14 shown in drawing 1 carries out analog 
magnification of the differential signal which was shown in drawing 4 and which 
changed phase contrast into the voltage signal in a differential amplifying circuit, 
and removes frequency bands other than the frequency component which should 
be detected. 

[0085] The current signal which flows to two piezoelectric transducers as 
mentioned above is transformed into a voltage signal, and the voltage signal 
proportional to the phase contrast of the voltage signal is outputted as an amount 
detecting signal of dynamics. 

[0086] Next, the configuration of the acceleration sensor concerning the 2nd 
operation gestalt is explained with reference to drawing 5 and drawing 6 . 
Drawing 5 is the block diagram showing the configuration of the whole 
acceleration sensor. Having connected Resistance RLa and RLb to a serial to 
piezoelectric transducers Sa and Sb, respectively differs from the acceleration 
sensor shown in drawing 1 . Others are the same as that of what was shown in 
the 1st operation gestalt. 

[0087] Drawing 6 is a representative circuit schematic for explaining the 
effectiveness by having connected resistance to the serial to the piezoelectric 
transducer. However, since the effectiveness by having connected resistance to 
the serial to the piezoelectric transducer is common about two piezoelectric 
transducers Sa and Sb, it shows only one piezoelectric transducer Sa by drawing 
6 . In drawing 6 , the voltage signal outputted from the voltage amplification- 
limiting circuit [ in / Sa and / in Vosc / drawing 5 ] 12 and RL are the resistance 
which carried out the series connection to the piezoelectric transducer Sa. [ the 
equal circuit of a piezoelectric transducer ] Moreover, l-VConvertor It is a current 
potential conversion circuit by the current potential conversion-signal adder 
circuit 1 1 in drawing 5 . 

[0088] Inclination (differential coefficient) deltaphi of the electrical-potential- 
difference phase phi in oscillation angular-frequency omegao is computed by 



asking for the electrical-potential-difference phase phi of the output voltage Vout 
of the above-mentioned current potential conversion circuit, and substituting 
oscillation angular-frequency omegao for angular frequency omega at the 
obtained formula which carried out the partial differential. Since this deltaphi 
becomes a very complicated formula, when an approximate solution is calculated, 
it is expressed with the following formula. 
[0089] 

deltaphi=-2xL1/(R1+RL) - (10) 

The value which applied the difference of oscillation angular-frequency omegao 
and resonance angular-frequency omegar of a piezoelectric transducer to this 
deltaphi is a part for a phase change. It is omega o=omegar while acceleration is 
not acting on the acceleration sensing element 10. 

[0090] That is, deltaphi is one of the elements which determines acceleration 
detection sensitivity. If this deltaphi is controllable, acceleration detection 
sensitivity can be compensated. 

[0091] Below, the temperature-compensation approach is considered. 

[0092] (10) The result of having carried out the partial differential of the formula at 

temperature T is shown in the following formula. 

[0093] 

[Equation 11] 

a /A efe-i - -2XL1 f dlA 1 gRl 1 Rl ^RL 1 RL ^ 
dJ^ ^ RUfLL\^dT LI ' <?T Rl Rl+RL " RL Rl+RL j 

(1 1) 

[0094] (11) If a formula is arranged, it will become like the following formula, 
[0095] 

Deltaphitc=L 1tc-{1 /(Rl+RL)} x (Rl tcxRI+RLtcxRL) - (12) 

However, deltaphitc, Lite, and RLtc are the temperature coefficients of delta phi, 

LI, and RL, respectively. 

[0096] (12) If the conditions which set the right-hand side to 0 can be selected 
from a formula, temperature compensation of phase dip deltaphi will be made. It 



will become a degree type if condition deltaphitc=0 which substitutes RLtc=0 and 
carries out temperature compensation will be substituted for (12) types if a 
temperature coefficient uses the resistance (oxide film resistance etc.) it can be 
considered that is about 0. and (12) types are solved about RL. 
[0097] 

RL=R1x(R1 tc/L1tc-1)"(13) 

When it considered as RL=R1 as a piezoelectric transducer using the vibrator of 
the usual piezo-electric ceramic, the rate-of-change range of the acceleration 
detection sensitivity in the operating total-temperature range (-40 degrees C - 85 
degrees C) became abbreviation half. 

[0098] Although the temperature coefficient used the resistance it can be 
considered that is about 0 in this example by general-purpose surface mount 
mold fixed resistors, such as oxide film resistance, in order to attain low cost- 
ization, a resistor with temperature dip, such as a temperature-sensitive resistor, 
may be used. This should just select the conditions set to deltaphitc=0 by (12) 
formulas. 

[0099] In addition, l-V Converter shown in drawing 6 When an input impedance 
cannot ignore to RL, it is l-V Converter to RL. What is necessary is just to 
calculate including an input impedance. 

[0100] It becomes possible to improve substantially the rate of change of the 
acceleration detection sensitivity in all operating temperature limits only by using 
two general-purpose surface mount mold fixed resistors as mentioned above, 
without causing cost lifting. Such operation effectiveness is effectiveness which is 
not acquired with the configuration which became possible and was indicated by 
the application for patent 2001-42130 by having used the current signal which 
flows to an acceleration sensing element. 

[0101] In addition, although the acceleration sensor which detects the stress 
difference added with acceleration was shown in two piezoelectric transducers 
Sa and Sb, if it constitutes so that the stress of the reverse sense may join 
piezoelectric transducers Sa and Sb with the other amounts of dynamics, the 



sensor which detects the amount of dynamics can consist of the 1st and 2nd 
operation gestalt similarly. For example, if It constitutes so that a stress 
difference may occur in two piezoelectric transducers Sa and Sb with angular 
acceleration, it can use as an angular-acceleration sensor. Moreover, if it 
constitutes so that a stress difference may occur in two piezoelectric transducers 
Sa and Sb with angular velocity, it can use as an angular-velocity sensor. If 
similarly it constitutes so that a stress difference may occur in two piezoelectric 
transducers Sa and Sb according to a load, it can use as a load sensor. 
[0102] Next, the configuration of the acceleration sensor concerning the 3rd 
operation gestalt is explained with reference to drawing 7 . Drawing 7 is drawing 
showing the configuration of another current potential conversion-signal adder 
circuit with the current potential conversion-signal adder circuit with which the 
acceleration sensor shown in the 1st and 2nd operation gestalt was equipped. 
Although it adds in the phase of a current signal and the addition signal was 
acquired with the 1st and 2nd operation gestalt, after changing into a voltage 
signal, it is the added example in the example shown in this drawing 7 . In 
drawing 7 , 10 is an acceleration sensing element which the direction of the 
stress added with acceleration becomes from two reverse piezoelectric 
transducers Sa and Sb mutually. A current potential conversion circuit and 11c 
are 11a, and 1 lb is the adder circuit of a voltage signal. 
[0103] The current potential conversion circuits 11a and lib consist of an 
operational amplifier and feedback resisters R21 and R22, respectively. 
Moreover, adder-circuit 11c consists of an operational amplifier and resistance 
R23, R24, and R25. 

[0104] However, the high-speed operational amplifier in which predetermined 
gain is shown is needed also on the oscillation frequency (frequency of a voltage 
signal Vosc) of several MHz with the example shown in this drawing 7 . On the 
other hand, in the example shown in drawing 2 , since four transistors are only 
used as an active element, there is an advantage which becomes low cost. 
[0105] 



[Effect of the Invention] According to this invention, the stress added with the 
amount of dynamics mutually Two reverse piezoelectric transducers, The circuit 
which impresses a voltage signal in common to said two piezoelectric 
transducers, and the current potential conversion circuit which transforms into a 
voltage signal the current signal which flows to said two piezoelectric transducers, 
By having prepared the phase contrast digital disposal circuit which detects the 
phase contrast of the output voltage signal of the current potential conversion 
circuit concerned, and outputs the amount detecting signal of dynamics, and 
having constituted the amount sensor of dynamics, measurement of the amount 
of dynamics which stopped being able to receive measurement environmental 
influence easily and was stabilized is attained. 

[0106] Moreover, according to this invention, since it was made to carry out 
oscillation actuation by the voltage amplification circuit, the piezoelectric 
transducer, and the current potential conversion circuit, the amount of dynamics 
is detectable to high sensitivity using a sharp change of the resonance frequency 
to the stress which joins two piezoelectric transducers. 
[0107] Moreover, since the amplitude of the driver voltage which impresses a 
voltage amplification circuit in common to two piezoelectric transducers by that 
electrical-potential-difference limiting circuit including the electrical-potential- 
difference limiting circuit which consists of a current regulator circuit and a 
current switching circuit was restricted according to this invention, actuation of a 
circuit is stabilized and generation of heat of a piezoelectric transducer is also 
reduced. 

[0108] Moreover, according to this invention, by making the frequency of the 
above-mentioned oscillation actuation into the frequency of the resonance 
frequency region of a piezoelectric transducer, oscillation actuation is carried out 
and the change sensibility of the detecting signal of the amount of dynamics 
according to the added amount of dynamics increases in stability by that. 
[0109] Moreover, according to this invention, the admittance phase of this 
piezoelectric transducer is the resonance frequency region of a piezoelectric 



transducer 0**45 [deg] By considering as the becoming range, phase contrast 
change of the output voltage signal of the current potential conversion circuit 
according to the added amount of dynamics becomes more nearly linear, and a 
large dynamic range can detect the amount of dynamics now. 
[01 10] Moreover, according to this invention, by the current potential conversion 
circuit, since change of the current phase which flows to two piezoelectric 
transducers is changed into electrical-potential-difference change by two 
differential amplifying circuits, the noise (drift) of an inphase component becomes 
removable. 

[01 11] Moreover, according to this invention, by having used resistance as said 
impedance component, low cost-ization can be attained and positive feedback to 
a piezoelectric transducer can be easily performed now. 
[01 12] Moreover, according to this invention, since said differential amplifying 
circuit was constituted from a grounded-base amplifying circuit or a grounded 
gate mold amplifying circuit, the input impedance and input capacitance to an 
amplifying circuit become small, and the voltage amplification circuit and 
oscillator circuit where frequency characteristics are good can be constituted. 
[0113] Moreover, since it considered as the differential mold phase contrast 
electrical-potential-difference conversion circuit which inputs the output voltage of 
said current potential conversion circuit for said phase contrast digital disposal 
circuit with a differential mold, and outputs phase contrast as a voltage signal 
according to this invention, the voltage signal according to the amount of 
dynamics with few noise components is acquired by the whole from which the 
noise of an inphase component was removed. 

[0114] Moreover, according to this invention, by having connected resistance to 
two piezoelectric transducers at the serial, respectively, a large temperature 
requirement is covered and fixed detection sensitivity is obtained. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The block diagram showing the configuration of the whole 
acceleration sensor concerning the 1st operation gestalt 
[Drawing 2] Drawing showing the circuitry of the current potential conversion- 
signal adder circuit in this acceleration sensor 

[Drawing 3] Drawing showing the circuitry of the voltage amplification-limiting 
circuit in this acceleration sensor 

[Drawing 4] Drawing showing the circuitry of the phase contrast electrical- 
potential-difference conversion circuit in this acceleration sensor 
[Drawing 5] The block diagram showing the configuration of the whole 
acceleration sensor concerning the 2nd operation gestalt 
[Drawing 6] The representative circuit schematic of the body of this acceleration 
sensor 

[Drawing 7] Drawing showing the configuration of the current potential 
conversion-signal adder circuit of the acceleration sensor concerning the 3rd 
operation gestalt 

[Drawing 8] Drawing showing the property of the piezoelectric transducer with 
which the acceleration sensor of each operation gestalt is equipped. 
[Drawing 9] The appearance perspective view of an acceleration sensing 



element 

[Drawing 10] The decomposition perspective view of an acceleration sensing 
element 

[Drawing 1 1] The decomposition perspective view of the important section of an 
acceleration sensing element 
[Description of Notations] 
10-acceleration sensing element 
Sa, Sb-piezoelectric transducer 
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